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(54) Generation of sweepout motion profile in an individual section glassware forming system 

(57) In an individual section (IS) glassware forming 
system (10) that includes a plurality of operating mech- 
anisms for performing cyclic motions, an electronic con- 
troller (52, 64) for controlling cyclic motion of at least 
one (20a) of the operating mechanisms includes an 
electronic memory (66) for storing a plurality of motion 
profiles (FIGS. 4C and 5C) for the one operating mech- 
anism, with each of the profiles comprising a set of 
motion data versus time data. Each of the profiles has a 
piecewise linear contour determined by a plurality of 
control points (A to R5), with each of the control points 
having associated motion and time data values. The 
operator may selectively display one of the profiles as a 
table of time values for the control points, with the time 
values preferably being in units of IS machine degrees. 
The operator may change the time values associated 
with one or more of the control points, and the controller 
automatically recomputes the motion data versus time 
data for the entire profile as a function of a change in 
time data by the operator at at least one of the control 
points, while maintaining the piecewise linear contour of 
the overall profile. Operation of the operating mecha- 
nism is thereafter controlled as a function of the recom- 
puted motion versus time profile data. 
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Description 

The present invention is directed to individual sec- 
tion (IS) machine glassware forming systems, and more 
particularly to a method and apparatus for generating 
and modifying the motion profile of the glassware swee- 
pout mechanisms in such a system. 

Background and Objects of the Invention 

The art of glass container manufacture is currently 
dominated by the so-called individual section or IS 
machine. Such machines include a plurality of separate 
or individual manufacturing sections, each of which has 
a multiplicity of operating mechanisms for converting 
one or more charges or gobs of molten glass into hollow 
glass containers and transferring the containers through 
successive stages of the machine section. In general, 
an IS machine system includes a glass source with a 
needle mechanism for controlling a stream of molten 
glass, a sheer mechanism for cutting the molten glass 
into individual gobs, and a gob distributor for distributing 
the individual gobs among the individual machine sec- 
tions. Each machine section includes one or more pari- 
son molds in which a glass gob is initially formed in a 
blowing or pressing operation, one or more invert arms 
for transferring the parisons to blow molds in which the 
containers are blown to final form, tongs for removing 
the formed containers onto a deadplate, and a sweep- 
out mechanism for transferring molded containers from 
the deadplate to a cross-conveyor. The conveyor 
receives containers from ail sections of an IS machine, 
and conveys the containers to a loader for transfer to an 
annealing lehr. Operating mechanisms in each section 
also provide for closure of mold halves, movement of 
baffles and blowing nozzles, control of cooling wind, etc. 
U.S. Patent N. 4,362,544 includes a background discus- 
sion of the art of both "blow and blow" and "press and 
blow" glassware forming processes, and also discusses 
an electropneumatic individual section machine 
adapted for use in either process. 

The various operating mechanisms of the IS 
machine system were initially operated and synchro- 
nized with each other by means of a machine shaft, a 
multiplicity of individual cams rotatably carried by the 
shaft, and pneumatic valves responsive to the cams for 
selectively feeding air under pressure to the various 
operating mechanisms. The current trend in the art is 
toward replacement of the shaft, mechanical cams and 
pneumatic actuators with electric actuators responsive 
to drivers operated by so-called "electronic cams." 
These electronic cams take the form of motion profile 
information for the various operating mechanisms 
stored in electronic memory and selectively retrieved by 
electronic control circuitry for operating the electric actu- 
ators. Thus, such motions as forming and severing of 
the glass gobs, moving of the parisons and containers, 
opening and closing of the blow molds, in and out 



motions of the funnels, baffles and blow heads, and 
motions of the sweep-out and lehr-loading devices are 
accomplished electronically from motion profile informa- 
tion digitally stored in electronic memory, with motions 

5 at the various machine sections being synchronized 
with each other by common clock and reset signals. See 
U.S. Patent No. 4,762,544. 

In IS machine glassware forming systems that 
employ mechanical actuating cams on a machine shaft, 

10 adjustment of timing and motion profiles of the various 
operating mechanisms required adjustment or replace- 
ment of individual cams. In systems that employ elec- 
tronic cams, it is often still necessary to stop the 
machine or machine section, change the motion profile 

15 electronically, and then restart the machine. For exam- 
ple, control techniques of the type disclosed in U.S. Pat- 
ent No. 4,548,637 typically require generation and 
storage of new profile data on an electronic read-only 
memory, often at a location remote from the manufac- 

20 turing plant, and shut-down of the manufacturing sys- 
tem to permit installation of the memory in the control 
electronics. 

ft is a general object of the present invention to pro- 
vide a system and method for selectively modifying the 

25 motion profile of an operating mechanism in a glass- 
ware forming system that may be easily implemented in 
a manufacturing environment with a minimum of opera- 
tor training. A more specific object of the present inven- 
tion is to provide a method and system for generating 

30 motion control profiles, particularly for controlling motion 
at the machine sweepout mechanisms, in which profile 
data can be readily changed, in which profile modifica- 
tions are made off-line while the system is operating, 
which are user friendly, and which can he readily 

35 employed for creating and storing a library of motion 
control profiles that may be later selected for use by an 
operator. Another and yet more specific object of the 
present invention is to provide a method and system for 
generating motion control profiles for controlling motion 

40 at the sweepout mechanisms of an IS machine system 
by means of which plant personnel are allowed to select 
and/or modify the motion profiles to obtain optimum per- 
formance at each sweepout mechanism for a given set 
of bottle handling conditions, that allow such profile 

45 selection and/or modification on an immediate basis, in 
which a plurality of standard profiles may be selectively 
stored, and that operate by means of a Windows-based 
operating system. 

so Summary of the Invention 

In an individual section (IS) glassware forming sys- 
tem that includes a plurality of operating mechanisms 
for performing cyclic motions, an electronic control 
55 arrangement for controlling cyclic motion of at least one 
of the operating mechanisms in accordance with the 
present invention includes an electronic memory for 
storing a plurality of motion profiles for the one operat- 



2 



: <EP 0879795A2 I > 



3 



EP 0 879 795 A2 



4 



ing mechanism, with each of the profiles comprising a 
set of motion data versus time data. Each of the profiles 
has a predefined mathematical interrelationship among 
position, velocity and acceleration. One prof ile of motion 
versus time, preferably the acceleration profile, is 
j defined by a piecewise linear curve - i.e., a curve of 

motion (preferably acceleration) versus time that con- 
sists of a series of linear line segments. A plurality of 
control points are defined at the intersections of succes- 
sive piecewise linear segments. Each control point has 
associated motion and time values. The operator may 
selectively display one of the profiles as a table of time 
values for the control points, with the time values prefer- 
ably being in units of IS machine degrees. The operator 
may change the time value associated with one (or 
more) of the control points, and the controller automati- 
cally recomputes the motion data versus time data for 
the entire profile as a function of the change in time data 
by the operator at the control points, while maintaining 
the piecewise linear contour of the overall profile. Oper- 
ation of the operating mechanism is thereafter control- 
led as a function of the recomputed motion versus time 
profile data. 

In the preferred embodiment of the invention, the 
profile of motion data versus time data is graphically dis- 
played to the operator along with the tabular display of 
control point time data. The control points are individu- 
ally identifiable to facilitate reference to the tabular dis- 
play. After each operator change of the tabulated control 
point time data, the graphic display is automatically 
altered to reflect the recomputation of the motion profile 
data so as to illustrate to the operator the effect of the 
data change. If the change is deemed to be undesirable 
by the operator, the steps of altering and recomputing 
profile data may be selectively reversed by the operator 
so as to restore the profile data and graphic display to 
the condition prior to the preceding change. In the pre- 
ferred embodiment of the invention, the graphic and/or 
tabular display and the operator control facility are 
implemented in a Windows-based graphic user inter- 
face, which can be readily learned and manipulated by 
an operator. 

The preferred implementation of the method and 
system of the present invention is for selectively gener- 
ating and modifying motion profiles for electronically 
operated sweepout mechanisms of an IS machine sys- 
tem. The profile data of motion versus time in such 
implementation preferably includes one or more profiles 
of acceleration versus time in piecewise linear contours. 
Each profile consists of a plurality of profile line seg- 
ments, each extending between a sequential pair of 
control points, and each being defined by a separate 
equation, preferably a polynomial equation. The piece- 
wise linear acceleration contours in the preferred 
embodiment of the invention include a four-level trape- 
zoidal contour having four levels of constant accelera- 
tion, and a conveyor speed-matching contour that 
matches velocity of the glassware during sweepout to 



velocity of the cross-conveyor. (These piecewise linear 
acceleration contours, and the mathematical interrela- 
tionships to velocity and position, are known in and of 
themselves. The conveyor speed- matching acceleration 

5 profile has a short non-linear segment to match angular 
container speed to linear conveyor speed.) Multiple pro- 
files of each of these piecewise linear contours may be 
generated and stored by selective manipulation of the 
control points between adjacent profile segments. Spe- 

10 cifically, control point time data is selectively altered by 
the operator, and associated acceleration data is auto- 
matically computed according to the defined profile 
shape and predefined limit conditions, such as maxi- 
mum velocity and stroke. Each motion profile includes 

7 5 an advance stroke during which the sweepout mecha- 
nism advances glassware from a section deadplate 
onto the cross-conveyor, and a return stroke during 
which the sweepout mechanism returns from the con- 
veyor to the deadplate. The advance strokes are of dif- 

20 fering contour according to the differing profile contours, 
whereas the return strokes are of identical contour in 
the preferred implementation of the invention. 

Brief Description of the Drawings 

25 

The invention, together with additional objects, fea- 
tures and advantages thereof, will be best understood 
from the following description, the appended claims and 
the accompanying drawings in which: 

30 

FIG. 1 is a functional block diagram of an individual 
section (IS) glassware forming system in which the 
present invention preferably is implemented; 

35 FIG. 2 is a schematic diagram of a machine section 
sweepout station for delivering glassware from a 
section deadplate to a machine cross-conveyor; 

FIG. 3 is a functional block diagram of an electronic 
40 control arrangement for operating each sweepout 
mechanism in FIGS. 1 and 2; 

FIGS. 4A-4C are graphic illustrations of sweepout 
motion profiles in accordance with one preferred 
45 implementation of the invention; 

FIGS. 5A-5C are graphic illustrations of sweepout 
motion profiles in accordance with another pre- 
ferred implementation of the invention; 

so 

FIG. 6 is a Windows-type tabular display for setting 
machine operating parameters in accordance with 
the preferred embodiment of the invention; 

55 FIG. 7 is a Windows-type graphic/tabular display for 
setting sweepout reference coordinates in accord- 
ance with the preferred embodiment of the inven- 
tion; 
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FIGS. 8 and 9 are Windows-type tabular displays 
for setting control point time values for two differing 
advance profile contours in accordance with the 
preferred embodiment of the invention; 

5 

FIG. 10 is a Windows-type tabular display for set- 
ting return stroke time values in accordance with 
the preferred embodiment of the invention; 

FIG. 11 is a Windows-type tubular display for set- io 
ting maximum sweepout velocity; and 

FIG. 12 is a graphic illustration of a modification to 
FIG. 4C. 

15 

Detailed Description of P referred Embodiments 

FIG 1 illustrates an IS machine glassware forming 
system 10 as comprising a reservoir or bowl 12 contain- 
ing molten glass (from a forehearth) that is fed by a nee- 20 
die mechanism 14 to a shear mechanism 16. Shear 
mechanism 16 severs individual gobs of molten glass, 
which are fed by a gob distributor 18 to an IS machine 
20. IS machine 20 includes a plurality of individual sec- 
tions within which the gobs are formed into individual 25 
pieces of glassware. Each section terminates in a swee- 
pout station 20a, 20b...20n. from which the articles of 
glassware are delivered to a common cross-conveyor 
22. Conveyor 22. usually an endless belt conveyor, 
delivers the containers in sequence to a lehr loader 24, 30 
which loads the containers in batches into an annealing 
lehr 26. The containers are delivered by lehr 26 to the 
so-called cold end 28 of the manufacturing cycle, at 
which the containers are inspected for commercial vari- 
ations, sorted, labeled, packaged and/or stored for fur- 35 
ther processing. 

System 10 illustrated in FIG. 1 includes a multiplic- 
ity of operating mechanisms for performing operations 
on the glass, moving glass workpieces through sequen- 
tial steps of operation, and otherwise performing func- 40 
tions in the system. Such operating mechanisms 
include, for example, needle mechanism 14, gob shear 
mechanism 16, gob distributor 18, sweepout mecha- 
nisms 20a-20n and lehr loader 24. In addition, there are 
a multiplicity of operating mechanisms within each sec- 45 
tion of IS machine 20, such as mechanisms for opening 
and closing the molds, mechanisms for in and out 
motions of the funnels, baffles and blow heads* and 
mechanisms for motions of the invert arms and take-out 
tongs. 50 

To the extent thus far described, IS machine glass- 
ware forming system 10 is of conventional construction. 
Reservoir 12 and needle mechanism 14 may be as 
shown, for example, in U.S. Patent No. 3.419.373. In a 
currently preferred embodiment of the invention, needle 55 
mechanism 14 is as disclosed in U.S. application Serial 
No. 08/597,760. Gob shear mechanism 16 may be as in 
U.S. Patent No. 3,758,286 or 4,499,806, or more prefer- 
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ably as shown in U.S. application Serial No. 08/322,121 
filed October 13, 1994. Gob distributor 18 may be as in 
U.S. Patent No. 4,529,431 or 5,405,424. U.S. Patent 
Nos. 4,362,544 and 4,427,431 illustrate typical IS 
machines 20, and U.S. Patent Nos. 4,199,344, 
4,222,480 and 5,160,015 illustrate typical sweepout sta- 
tions 20a-20n. U.S. Patent Nos. 4,193,784, 4,290,517, 
4,793,465 and 4,923,363 illustrate suitable lehr loaders 
24. U.S. Patent Nos. 4,141,711, 4,145,204, 4,338,116, 
4,364,764, 4,459,146 and 4,762,544 illustrate various 
arrangements for electronic control of glassware manu- 
facture in an IS machine system. A system for control- 
ling motions of IS machine operating mechanisms is 
illustrated, for example, in above-noted U.S. Patent No. 
4,548,637. The disclosures of all U.S. patents and appli- 
cations noted above are incorporated herein by refer- 
ence for purposes of background. 

FIG. 2 illustrates sweepout mechanism 20a, mech- 
anisms 20b-20n (FIG. 1) being identical thereto. Swee- 
pout mechanism 20a includes a rotary servo actuator or 
motor 30 mounted for rotation to a fixed support frame 
32. An arm 34 is extensible (by means not shown) out- 
wardly from actuator 30. Arm 34 carries a hand 36 that 
has a plurality of fingers 38 for engaging glassware 40 
placed by take-out tongs (not shown) on a machine sec- 
tion deadplate 42. The particular embodiment illustrated 
in FIG. 2 includes three fingers 38 for engaging three 
newly formed pieces of glassware 40 formed and 
placed on deadplate 42 by a so-called triple-gob 
machine section. With arm 34, hand 36 and fingers 38 
extended laterally outwardly from the position illustrated 
in FIG. 2 so that fingers 38 are behind associated 
pieces of glassware 40, rotary actuator 30 is rotated 
counterclockwise so as to move glassware 40 onto 
cross-conveyor 22, with the latter continuously moving 
in the direction 44. Toward this end, actuator 30 is driven 
by a sweepout drive mechanism 46. After placing glass- 
ware 40 on conveyor 22, fingers 38, hand 36 and arm 
34 are retracted, and actuator 30 is driven by sweepout 
drive 46 so as to rotate clockwise to the position shown 
for initiating the next sweepout cycle. It will he appreci- 
ated, of course, that this motion at sweepout 20a is 
repeated at the end of each cycle of the associated IS 
machine section, with operation of the various sweep- 
outs 20a-20n (FIG. 1) being staggered in accordance 
with staggered operation of the associated machine 
sections and overall motion of conveyor 22. 

FIG. 3 illustrates a portion of the IS machine oper- 
ating system (see above-referenced U.S. Patent No. 
4,548,637) devoted specifically to operation of sweep- 
out mechanisms 20a-20n. A forming supervisory com- 
puter 48 is connected by an ethernet system 50 to a 
multi-axis servo driver 52. Driver 52 also receives 
machine index pulses and degree pulses for synchro- 
nizing operation of all controlled mechanisms to opera- 
tion of the overall forming system. Servo driver 52 
contains microprocessor-based control circuitry and 
memory for receiving and storing profile and other con- 
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trol information from ethernet 50, and controlling opera- 
tion at multiple mechanisms, including servo sweepouts 
20a-20n. An operator console 64 includes a computer 
66, with internal memory, an operator screen 68 and 
control device such as a mouse 70, connected to com- 5 
puter 48 and driver 52 by ethernet 50. Operator console 
64 may comprise, for example, an IBM-compatible per- 
sonal computer. Among other functions, operator con- 
sole 64 provides facility for selectively changing 
operating mechanism control profiles at driver 52, as 70 
will be described. Driver 52 is also connected to an 
operator servo control panel 72, by means of which the 
operator can select the control profile to he used for 
each operating mechanism, and the starting point 
and/or total stroke for each section. For electronic swee- 
pouts 20a-20n, a common profile is employed for all 
sections, and starting point but not total stroke may be 
set for each section. 

The motion control profiles for the electronic servo 
sweepouts (as well as the other operating mechanisms) 
are preferably provided as a library of profiles prestored 
in memory within console 64. The library of prestored 
profiles may be selectively modified by the operator 
through operator console 64. Console 64 is prepro- 
grammed (as will be described in detail) to generate 
motion profiles for the sweepout mechanism, and to 
allow the operator to design and modify such prof iles so 
that sweepout motion can be optimized for improved 
delivery of glassware to conveyor 22 (FIGS 1 and 2). 
Once a desired motion profile is set and downloaded 
into driver 52. driver 52 thereafter controls motion at 
sweepout mechanism 20, for example, as a function of 
the input machine index and degree pulses independ- 
ently of computer 48 or console 64 (in the absence of 
intervention, of course). The profile data downloaded 
and stored in driver 52 may comprise a block or table of 
1024 position versus time data elements in fractional 
degree increments, for example, for a position control 
mode of operation. Thus, although acceleration profile 
data is manipulated by the operator (as will be 
described), velocity and position profile data are also 
automatically calculated, and any one or more of these 
data blocks may be employed for control purposes in 
various modes of operation. 

The preferred implementation of the present inven- 
tion illustrated in the drawings is carried out using swee- 
pout profiles of two basic contours. The first such profile 
contour, termed TRAP4 and illustrated in FIGS. 4A-4C, 
is based upon a four-level trapezoidal acceleration pro- 
file (FIG. 4C) during the advance stroke. The second 
such profile, termed CSM and illustrated in FIGS. 5A- 
5C. is based upon an attempt to obtain an exact match 
during the advance stroke of glassware speed to con- 
veyor speed. Both techniques employ a trapezoidal 
piecewise linear acceleration profile, which means that 
acceleration, velocity and position are each defined by a 
series of polynomial equations. The two techniques dif- 
fer in a small portion of the acceleration profile, during 



which the constant speed match or CSM technique 
matches the conveyor speed exactly for a prescribed 
sweepout angle. During this conveyor speed matching 
portion, the CSM technique employs an acceleration 
profile segment defined by a trigonometric equation. 
FIGS. 4A and 5A illustrate sweepout angular position in 
degrees versus time. FIGS. 4B and 5B illustrate sweep- 
out angular velocity in angular degrees per unit time ver- 
sus time. FIGS. 4C and 5C illustrate sweepout angular 
acceleration in degrees per unit time squared versus 
time. In all cases, time is measured in units of operating 
degrees - i.e., degrees of motion for the operating 
mechanism in question as compared with a complete 
360° cycle of the entered IS machine system. Since the 
sweepouts cycle once per machine cycle, the operating 
degrees for the sweepout mechanisms are the same as 
machine degrees, and are so illustrated in the drawings. 
In this way, the time axis does not vary with machine 
speed. The time increments could alternately be in units 
of real time. 

Referring to FIG. 4C, the illustrated acceleration 
profile is defined by a plurality of control points, points 
O, A, B, C, D, X, E, F, G and H for the advance or out- 
ward stroke, and points R1, R2, R3^ R4 and R5 for the 
return stroke. For the advance stroke of the sweepout 
mechanism, the TRAP4 acceleration profile (FIG. 4C) is 
characterized by four distinct levels (72, 74, 76. 78), 
between sequential control point pairs A-B, C-D, E-F 
and G-H, at which acceleration is constant. Each line 
segment O-A, A-B, B-C, C-D, D-X, X-E, E-F, F-G, G-H, 
H-R1, R1-R2, R2-R3, R3-R4 and R4-R5 is of constant 
slope, which is to say that the control points are defined 
to be the points between the piecewise linear segments 
of the acceleration profile. Each line segment corre- 
35 spends to a separate polynomial equation for defining 
acceleration, velocity and position. The coefficients of 
these equations, are calculated so that acceleration, 
velocity and position are each equal at each control 
point or node between each sequential pair of line seg- 
40 ments. The acceleration profile is manipulated (as will 
be described) by changing the time values (in machine 
degrees) for the control points. In addition, the maxi- 
mum velocity and maximum stroke of the sweepout 
head are prespecrfied. None of the actual acceleration 
45 values can he specified. Nor can actual values for veloc- 
ity and position, other than maximum values, be speci- 
fied. All of these values are automatically determined by 
the profile generation programming within operator con- 
sole 64 (FIG. 3). 
50 The first control point O (FIG. 4C) at time zero can- 
not be changed. At this point, sweepout hand 36 (FIG. 
2) is stationary over the deadplate. Therefore, accelera- 
tion, velocity and position values in the respective pro- 
files are all zero. The first line segment O-A is the 
55 acceleration of the sweepout head (counterclockwise in 
FIG. 2) as glassware 40 starts to move across dead- 
plate 42. This is one of the more critical regions of the 
profile. If the glassware is unstable at this point in the 
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motion, it has a greater possibility of falling over on con- 
veyor 22. The steeper the slope of line segment O-A in 
the acceleration diagram, the more rapidly the glass- 
ware is accelerated. In an extreme case, a rapidly 
changing acceleration will cause a jerky motion at the 
glassware. Therefore, this portion of the acceleration 
diagram should have a slope gently to accelerate the 
glassware from a standstill. The next line segment A-B 
is one of constant acceleration. This means that the 
angular velocity of the sweepout head is increasing lin- 
early in time. For the profile of FIG. 4C, acceleration 
decreases over the next line segment B-C. However, the 
acceleration can either decrease, remain the same or 
increase over this line segment - i.e., between control 
points B and C. Line segment C-D is another region of 
constant acceleration, followed by an interval of 
decreasing acceleration in line segment D-X. Up to con- 
trol point or node X, velocity has increased at various 
rates. The two levels 72, 74 of constant acceleration can 
be manipulated (by varying the time values of the con- 
trol points) to control the shape of the velocity curve 
(FIG. 4B) up to the point 80 of maximum velocity. 

Control point or node X is always the point at which 
maximum velocity occurs (at point 80 in FIG. 4B). The 
value of acceleration at control point X is fixed at zero, 
and cannot be changed. Time of occurrence of control 
point X, magnitude of maximum speed 80, and posi- 
tions 81 , 82 of the sweepout head need to be specified 
by the operator. (See the later discussion of FIGS. 8 and 
11.) Line segments X-E, E-F, F-G and G-H are two con- 
stant acceleration segments (E-F and G-H) and two line 
segments (X-E and F-G) in which acceleration is 
allowed to change. All of these line segments and con- 
trol points (except X) are in the region of negative accel- 
eration, which means that the sweepout head is slowing 
down. Retraction of hand 36 (FIG. 2) is usually set to 
occur soon after the start of rapid deceleration. This 
may be at control point X or control point F, depending 
on the profile. Retraction usually must be set by eye with 
the machine running. Control point H corresponds to 
maximum angle of the sweepout head, point 82 in FIG. 
4A. Maximum angle is usually set at 95°. At full stroke, 
the sweepout head stops for an instant and reverses 
direction, so velocity is zero at this point. 

The conveyor speed match or CSM control tech- 
nique is illustrated in FIGS. 5A-5C. This technique 
allows a particular piece of glassware exactly to match 
the conveyor speed at a specified sweepout angle. This 
technique minimizes dependence upon frictional char- 
acteristics between the glassware and the belt. The 
desired effect is to place the glassware on the belt by 
exactly matching the speed of the conveyor, and then 
backing away from the glassware with the sweepout fin- 
gers. In multiple-gob machine sections, an exact match 
can only be obtained with one glassware element. It will 
also be noted in connection with FIG. 5C that the CSM 
profile technique has fewer nodes or control points in 
the acceleration diagram, making it easier to modify 



control profiles. Exemplary position, velocity and accel- 
eration profiles for the CSM technique are illustrated in 
FIGS. 5A-5C. Once again, the acceleration profile (FIG. 
5C) is defined by a plurality of control points O, A, B, C, 

5 D, E, F, R1 , R2, R3, R4, R5, at each of which the accel- 
eration profile changes slope. The first part of the out- 
ward or advance stroke is very similar to the TRAP4 
technique discussed above. Line segment O-A should 
not be to steeply inclined, or the glassware can become 

10 unstable as it is accelerated from standstill along the 
deadplate surface. The next line segment A-B is of con- 
stant acceleration (linearly increasing velocity), followed 
by line segment B-C in which acceleration is linearly 
decreasing. 

is The next line segment C-D is the conveyor speed 
match segment. This line segment is defined by a trigo- 
nometric equation, rather than a polynomial equation as 
with the rest of FIG. 5C and all of FIG. 4C, because the 
angular velocity of the sweepout head is related trigono- 

20 metrically to the linear velocity of the cross-conveyor. 
This is the only line segment in FIG. 4C and 5C that is 
not strictly linear. The shape of segment CD is depend- 
ent upon the velocity of the cross-conveyor (which 
depends on the number of sections and the ware spac- 

25 ing), the glassware element or point that is to be 
matched to the conveyor speed, and the sweepout 
angles where the conveyor speed match should start 
and end. It has been found that the duration of conveyor 
speed-match should be in the range of five degrees to 

30 ten degrees of sweepout head rotation. At control point 
or node D, rapid deceleration begins. Deceleration 
should typically be as rapid as possible so that the 
glassware will be carried by the conveyor away from the 
fingers before finger and hand retraction occurs. How- 

35 ever if desired, line segment D-E can be given some 
slope so that deceleration is not too abrupt. Line seg- 
ment E-F is the last line segment of the advance stroke. 
At control point F, the sweepout head is at maximum 
angle (preferably ninety-five degrees), and the velocity 

40 is zero. Points 84, 86 and associated dashed lines indi- 
cate the points of maximum velocity and maximum 
stroke. 

The return stroke contour is the same for both the 
TRAP4 and CSM techniques. It is the least critical por- 

45 tion of the profile since the sweepout basket (hand 36 
and fingers 38) is in the retracted position and not in 
contact with the glassware. The return stroke profile is 
trapezoidal, as shown in both FIGS. 4C and 5C. 
Although modifications can be made to the return stroke 

so by changing the time values of control points R1 , R2, R3 
and R4 as will be described, this is usually not neces- 
sary as long as the sweepout head returns smoothly to 
the deadplate within the required time. Most preferably, 
the time between each control point is proportioned 

55 evenly based on the time between the last control point 
(H in FIG. 4C and F in FIG. 5C) of the outward stroke 
and the maximum time available. Control point R5 at 
one hundred eighty machine degrees (in FIG. 5C) has 
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an amplitude of zero, corresponding to zero velocity and 
zero position (FIGS. 5B and 5A). The shapes of the 
return stroke profiles in FIGS. 4C and 5C are generally 
the same. 

In summary, each of the acceleration profiles of 
FIGS. 4C and 5C is defined by a plurality of control 
points between piecewise linear profile segments, and 
therefore the equations for acceleration, velocity and 
distance change at each control point. The profile data 
actually employed for control of the sweepout servo 
actuator can be any or all of the position, velocity and 
acceleration profiles in position, velocity or acceleration 
control modes of operation, or any combination thereof. 
For example, the position profile (FIG. 4A or 5A) stored 
in memory may be a data set consisting of a multiplicity 
of position versus time data elements or points - e.g., 
position versus time elements to define the profile in 
memory one for each machine degree increment. For 
purposes or editing or modifying the profile, however, 
the acceleration profile is employed, which is defined by 
a lesser number of control points between piecewise lin- 
ear profile segments. The corresponding equations for 
determining the velocity and position data points, are 
either first, second or third order polynomial equations 
(except for the line segment C-D in FIG. 5C). Thus, for 
example, the polynomial equation for velocity during the 
machine degree time period corresponding to line seg- 
ment O-A in FIG. 5C is a second order polynomial equa- 
tion, and the corresponding equation for position is a 
third order polynomial equation. In the same manner, 
the polynomial equation for determining velocity during 
the time in machine degrees corresponding to accelera- 
tion line segment A-B is a first order polynomial equa- 
tion, and the equation for determining position is a 
second order polynomial equation. The coefficients for 
each of these separate equations are calculated so that 
the accelerations, velocities and positions are equal at 
the node or control point between successive profile line 
segments. 

Before profiles may be generated or modified 
employing the techniques to be discussed in connection 
with FIGS. 6-10, reference coordinates are input, by 
means of the graphic/tabular dialog box illustrated in 
FIG. 7, to facilitate conversion of angular coordinates to 
linear coordinates. (This conversion is necessary 
because the sweepout basket is moving in an arc, while 
the conveyor is moving in a straight line.) For CSM pro- 
files, the specified reference point is matched to con- 
veyor speed. The coordinates of the center 88 of the 
second glassware element has been successfully 
employed. Under certain conditions, another glassware 
piece, or even a point between two glassware elements, 
may produce better results. For TRAP4 profiles, the ref- 
erence point is used for the calculation of maximum 
velocity 84 (FIG. 5B) by the software in console 64 (FIG. 
3). The coordinates are entered relative to the axis of 
rotation of the sweepout head, as illustrated in FIG. 7. 
When the sweepout head is positioned at right angles to 



the conveyor as shown, the positive "y" direction is from 
the axis across the conveyor, and the positive "x" direc- 
tion is in the same direction that the conveyor is moving. 
Certain limiting parameters must then be set. For 
5 example, maximum angular velocity for a TRAP4 profile 
(point 80 in FIG. 4B) must be set, for the purpose of 
which the dialog box of FIG. 1 1 is called. The program- 
ming within console 64 calculates and displays a calcu- 
lated maximum velocity as the angular velocity of the 
10 reference point selected in conjunction with FIG. 7 (e.g., 
point 88 in FIG. 7) to match the linear velocity of cross- 
conveyor 22. This value is displayed - e.g., the value of 
1 .991 in FIG. 1 1 . Using this calculated figure as a guide, 
the operator then enters a desired maximum velocity - 
15 e.g. 1.820 in FIG. 11. Maximum selectable velocity is 
1 10% of the calculated maximum velocity. This figure is 
then used by the console programming for calculation of 
equation coefficients. Similarly, maximum velocity 84 in 
FIG. SB is set according to velocity of the cross-con- 
20 veyor and the reference point selected in conjunction 
with FIG. 7. Machine set-up parameters are entered by 
calling up the dialog box illustrated in FIG. 6 (either 
through manipulation of mouse 70 in FIG. 3 or appropri- 
ate strokes on keyboard 68). The number of cavities per 
25 section (three in the exemplary triple-gob implementa- 
tion), the total number of sections in the machine, the 
maximum cavity rate, the ware spacing and a speed 
scaling factor are input to console 64 (FIG. 3). The 
number of sections and the ware spacing are employed 
30 by the programming within console 64 to determine the 
speed of cross-conveyor 22 (FIGS. 1 and 2), which in 
turn sets maximum velocity 84 (FIG. 5B). The speed 
factor is a scaling factor that can be used to scale the 
maximum speed of a CSM profile. The speed factor 
35 input is not available when a TRAP4 profile is being 
edited. Instead, TRAP4 profiles can be scaled in time 
and maximum velocities separately. 

Following these preliminary set-up steps, prestored 
profiles may be edited or new profiles generated. To edit 
40 the TRAP4 acceleration profile illustrated in FIG. 4C, for 
example, the dialog box illustrated in FIG. 8 is called 
onto the screen, preferably together with a graphic 
background display of the acceleration profile as in FIG. 
4C, or graphic background displays of the position, 
45 velocity and acceleration profiles as in FIGS. 4A-4C. 
The dialog box in FIG. 8 contains a table of the time val- 
ues (in machine degrees) of each of the control points 
or nodes A, B, C, D, X, E. F, G, H that can be varied by 
the operator for modifying the sweepout advance 
so stroke. There are also boxes for display and possible 
modification of position or angle of the sweepout head 
at the points of maximum velocity (position 81 in FIG. 
4A) and maximum stroke (position 82 in FIG. 4A). The 
time values and sweepout-angles of the various control 
55 points or nodes in FIG. 8 correspond to the graphic illus- 
tration of FIGS. 4A and 4C. Any of these time and angle 
values may be selectively changed by the operator by 
selecting a particular box for modification employing 
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mouse 70 (FIG. 3) and a screen cursor (not shown), so 
that the box is highlighted. When a table box is selected 
and highlighted, the corresponding control point in the 
graphic display (FIG. 4C) is also highlighted, such as by 
placing a box around the selected control point. This 5 
assists the operator in relating the dialog box table (FIG. 
8) to the graphic display (FIG. 4C). A new numeric time 
value may then be entered by the operator. Internal pro- 
gramming within operator counsel 64 automatically 
alters the acceleration, velocity and position profiles w 
according to the newly entered time value(s) for the 
selected node(s), based upon the predetermined poly- 
nomial equations, maximum velocity value 80 (FIG. 4B) 
calculated from the inputs and stroke values (FIG. 8), 
and the corresponding changes in the acceleration, 75 
velocity and position graphic profiles are made on dis- 
play screen 66 for operator observation. If the observed 
effects on the graphic profile display are not as desired, 
the operator may return to the previous profile by "click- 
ing" on the "undo" box in FIG. 8, or depressing key "n." 20 
This "undo" process may be repeated, if desired, to 
return to the profile originally called from memory and 
displayed to the operator. 

As an example, FIG. 12 illustrates a modification to 
FIG. 4C that would result from setting in FIG. 8 the time 25 
value of control point A at zero, the time values of con- 
trol points B and C the same at about 65°, the time val- 
ues of control points D, E, F and G the same at about 
92°, the time values of control points H and R1 the same 
at about 105°, the time values of control points R2 and 30 
R3 the same at about 160°, and the time values of con- 
trol points R4 and R5 the same at about 180°. (Note that 
flat line segment 76 in FIG. 4C has disappeared.) The 
acceleration profile of FIG. 12 would probably be unsat- 
isfactory because of excessive jerk at line segments O- 35 
A, D-X-G, H-R1, R2-R3 and R4-R5. 

FIG. 9 illustrates a dialog box or table for selectively 
modifying the advance stroke of a CSM acceleration 
profile (FIG. 5C). Once, again, current time values (in 
machine degrees) for each changeable control point or 40 
node A, B, C, D and F are displayed, together with the 
desired deceleration factor between control points D 
and E. The value of this deceleration factor, which is 
between zero and one, determines the distance to 
where node E is located along line segment EF. If the 45 
decel factor is zero, line segment D-E is vertical as 
shown, while control points E and F will coincide if the 
deceleration factor is "1 .0." Also selectable in FIG. 8 are 
the sweepout head angle or position at which conveyor 
speed matching is to start ("77.00" degrees in FIG. 9), so 
the sweepout head angle at which deceleration is to 
start ("82.00" degrees in FIG. 9) and the sweepout head 
angle of maximum stroke 86 ("95.00" degrees in FIGS. 
5A AND 9). Once again, changes can be undone, 
updated or the profile closed by "clicking" on the corre- 55 
sponding box in FIG. 9. Selections of "auto" and manual 
nodes of operation are also available in FIG. 4. The 
automatic mode of operation, if selected, will result in 



automatic calculation of all node time values and 
changes in displayed graphics. This will usually provide 
a good starting profile, which can be tailored by "click- 
ing" on the manual mode selector and fine tuning the 
time and/or angle values. 

The return stroke dialog box is illustrated in FIG. 1 0. 
The "auto button" may normally be employed for auto- 
matic calculation of time values of the return stroke con- 
trol points as previously indicated. Alternatively, time 
values for return stroke control points R1, R2, R3, R4 
and R5 can be varied. 

After a profile has been designed or optimized as 
desired, it may be stored in memory in console 64 
and/or driver 52, together with a name or other suitable 
indicia for later identification and recall. There may thus 
be developed a library of profiles for later use and/or 
modification. The library would typically include basic 
profiles that cannot be changed, and other profiles that 
can be changed. Design of a new profile would normally 
start with call-up of an existing profile known by the 
operator to be basically similar to that desired, followed 
by modification to obtain desired operating characteris- 
tics. This new profile would then be stored in memory 
under a new name. 

There has therefore been provided a system and 
method for generating and/or modifying motion profiles 
in an individual section glassware forming system, par- 
ticularly as related to electronically controlled glassware 
sweepout operating mechanisms, that fully satisfy all of 
the objects and aims previously set forth. In particular, 
the system and method of the invention allow plant per- 
sonnel to select, modify or generate motion profiles to 
obtain optimum performance at the sweepout mecha- 
nism for a given set of glassware handling conditions on 
an immediate basis. The profile generation/modification 
program most preferably is a Windows (trademark of 
Microsoft, Inc.) based program that is easy to learn and 
use. Passwords may be employed to screen operator 
access. Various menus and other commands may be 
employed for various functions as deemed appropriate. 
Preferably, both TRAP4 and CSM profiles are electroni- 
cally stored and available for modification and/or use as 
operating conditions dictate. The operator may readily 
tailor the control profile to operating conditions at each 
machine section. 

The invention has been described in connection 
with operator modification to acceleration profiles, 
which is currently preferred. However, velocity and/or 
position profile could also be edited employing the dis- 
closed techniques. In the same way, the TRAP4 and 
CSM acceleration profiles are employed in purposes of 
disclosing an exemplary presently preferred embodi- 
ment of the invention. The invention may he readily 
applied to other acceleration (or velocity position) profile 
techniques. 
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Claims 

1. A method of controlling motion of an operating 
mechanism (20a) in a glassware forming machine 
(20) that comprises the steps of: s 

(a) storing in memory (66) at least one profile of 
motion at said mechanism versus time, and of 
a piecewise linear contour (FIG. 4C or FIG. 5C) 
defined by a plurality of control points (A to R5) 10 
interconnected by contour line segments, 

(b) displaying time values of said control points 
to an operator, 

(c) under control of the operator, selectively 
altering the time value for at least one of said 15 
control points, 

(d) automatically altering the motion value of 
said at least one control point in said motion 
profile according to predefined motion limit 
conditions, 20 

(e) automatically generating and storing a new 
profile for motion at said operating mechanism 
versus time according to said time and motion 
values altered in said steps (c) and (d), and 
having a piecewise linear contour as in said 25 
step (a), and 

(f) thereafter controlling motion, at said operat- 
ing mechanism according to said new profile 
stored in said step (e). 

30 

2. The method set forth in claim 1 comprising the 
additional steps of: 

(g) graphically displaying said at least one pro- 
file during said step (b), and 35 

(h) following said steps (c), (d) and (e), altering 
said profile displayed in said step (g) to show 
said new profile generated in said step (e). 

3. The method set forth in claim 1 or 2 comprising the 40 
additional steps of: 

(i) under control of an operator, reversing said 
step (c), and 

(j) following said step (i), automatically revers- 45 
ing said steps (d), (e) and (h) so as to return the 
display to that in said step (g). 

4. The method set forth in any preceding claim 
wherein said at least one profile of motion versus so 
time comprises a profile of acceleration at said 
operating mechanism versus time. 

5. The method set forth in claim 4 wherein time in said 

at least one profile is stored in units of operating 55 
degrees of said mechanism. 

6. The method set forth in claim 5 wherein said oper- 



ating mechanism comprises a sweepout mecha- 
nism (20a). and wherein said operating degrees are 
in units of glassware forming machine degrees. 

7. The method set forth in any preceding claim 
wherein each said profile of motion versus time 
comprises a plurality of profile line segments each 
extending between a successive pair of said control 
points (A,B, B.C...), each of said line segments 
being defined by a separate equation having coeffi- 
cients such that acceleration, velocity and position 
at said mechanism are each equal at each said 
control point between successive profile line seg- 
ments. 

8. A method of controlling motion of a sweepout 
mechanism (20a) in an individual section of a glass- 
ware forming machine (20) that comprises the 
steps of: 

(a) storing in electronic memory (66) at least 
one profile (FIG. 4C or FIG. 5C) of acceleration 
versus time of a piecewise linear contour 
defined by a plurality of profile control points (A 
to R5) interconnected by contour line segments 
and each having associated acceleration and 
time values. 

(b) selectively displaying said at least one 
motion profile and said control points on an 
operator display screen (68), 

(c) under control of an operator, altering the 
time value of at least one of said control points 
on said display screen, 

(d) automatically altering the acceleration value 
of said at least one control point so as to main- 
tain said piecewise linear contour according to 
predefined limit conditions at said sweepout 
mechanism, 

(e) storing a new profile of acceleration versus 
time at said sweepout mechanism having said 
contour and control points altered in said steps 
(c) and (d), 

(f) determining and storing at least one profile 
of velocity and position versus time based upon 
said new profile of acceleration versus time, 
and 

(g) thereafter controlling motion at said sweep- 
out mechanism (20a) according to one of said 
profiles stored in said steps (e) and (f). 

9. The method set forth in claim 8 wherein said limit 
conditions in said step (d) include sweepout angle 
at maximum stroke. 

10. The method set forth in claim 9 wherein said limit 
conditions in said step (d) further include maximum 
sweepout velocity. 
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11. The method set forth in claim 8, 9 or 10 wherein 
said piecewise linear profile contour comprises a 
four-level trapezoidal motion having four levels of 
constant acceleration. 

12. The method set forth in claim 8, 9 or 10 wherein 
said piecewise linear profile contour is such as to 
obtain a predetermined sweepout velocity at a pre- 
defined position in the motion of the sweepout 
mechanism. 

13. The method set forth in any claim 8 to 12 for con- 
trolling sweepout motion in an advance stroke dur- 
ing which the sweepout mechanism advances 
glassware on a section deadplate onto a cross-con- 
veyor, and a return stroke during which the sweep- 
out mechanism returns from the conveyor to the 
deadplate, wherein said step (a) comprising the 
step of storing in electronic memory at least two 
profiles (FIGS. 4C and 5C) of acceleration versus 
time having differing profile line segments for con- 
trolling said advance stroke and identical profile line 
segments for controlling said return stroke. 

14. The method set forth in any claim 8 to 13 wherein 
time in said at least one profile is stored in units of 
glassware forming machine degrees. 

1 5. The method set forth in claim 14 wherein each said 
profile of acceleration versus time includes a plural- 
ity of line profile segments each extending between 
a successive pair of said control points (A,B, B.C.), 
each of said line segments being defined by a sep- 
arate equation having coefficients such that accel- 
eration, velocity, and position at said mechanism 
are each equal at each said control point between 
successive profile line segments. 

16. In an individual section glassware forming system 
(10) that includes a plurality of operating mecha- 
nisms (14, 16, 18, 20, 22, 24) for performing cyclic 
motions, electronic control means for controlling 
cyclic motion of at least one (20a) of said operating 
mechanisms, which comprises: 

means (66) for storing a plurality of motion pro- 
files (FIG. 4C and 5C) for said one mechanism, 
with each of said motion profiles comprising a 
data set of motion data versus time data of 
piecewise linear contour defined by a plurality 
of control points (A to R5), each of said control 
points having associated motion and time val- 
ues, 

means (68) for selectively displaying one of 
said profiles as a table of time values for said 
control points, 

means (66, 70) for permitting an operator to 
change the time value of at least one of said 



control points, 

means (66) for automatically recomputing said 
data set of motion data versus time data for 
said profile as a function of a change in time 
5 data at said at least one control point while 

maintaining said piecewise linear contour of 
said profile, and 

means (52) for controlling operation of said at 
least one operating mechanism as a function of 
10 said recomputed data set motion data versus 

time data. 

17. The system (10) set forth in claim 16 wherein said 
means (66) for automatically recomputing said data 

15 set of motion data versus time data includes means 
for automatically determining motion data at all of 
said control points (A to R5) according to prespeci- 
f ied limit conditions at said mechanism (20a) follow- 
ing each operator change of time data for said 

20 control points. 

18. The system (10) set forth in claim 16 or 17 wherein 
said one mechanism (20a) comprises a sweepout 
mechanism for sweeping glassware at each section 

25 of said machine (20) from a deadplate (42) onto a 
cross-conveyor (22). 

19. The system (10) set forth in claim 18 wherein said 
time data is in units of glassware forming machine 

30 degrees. 

20. The system (10) set forth in claim 19 wherein each 
said profile of motion data versus time data consists 
of a plurality of profile line segments each extend- 

35 ing between a successive pair of said control points 
(A,B, B.C.), each of said segments being defined 
by a separate equation having coefficients such 
that acceleration, velocity and position at said 
mechanism are each equal at each said control 

40 point between successive profile line segments. 



45 



50 



55 



10 



EP 0 879 795 A2 



20a 
20b 



DEGREE 
PULSE 



MACHINE 
INDEX PULSE 



FIG. 3 



MOLTEN GLASS 

I 



NEEDLE MECHANISM 



GOB SHEAR 
MECHANIISM 



GOB DISTRIBUTOR 




IS MACHINE 

• • • 



^12 

■18 
20 



CONVEYOR 



LEHR LOADER 

I 



LEHR 

HI 



COLD END 



48 
J— 



FORMING 
SUPERVISORY 
COMPUTER 



MULTI-AXIS 
SERVO DRIVER 



SERVO 
SWEEPOUTS 



eOa. -20n 



22 
■24 

-26 
-23 



FIG.1 



£8 
J— 



64 




72 
/ 



SERVO 
CONTOL PANEL 



11 



087979 SA2_I_> 



EP 0 879 795 A2 



44 



22 



46 



SWEEP 

OUT 
DRIVE 



2Ca 



32-- 



ir 



38 



40 



34 



30 



© 



36- 





o 



0. 

0 



FIG. 2 



SELECT MAX VELOCITY 



CALCULATE MAX. VELOCITY 1 .991 



UPDATE 



MAXIMUM VELOCITY 



1.820 



UNDO 



CLOSE 



~3 



.42 



FIG.1 1 



12 



f- 

■i EP 0 879 795 A2 





100.0 


J 


CO 

i 1 1 


90.0 




LU 
LU 


80.0 




CC 
O 


70.0 




LU 


60.0 




Q 


50.0 




Z 


40.0 




o 


30.0 




CO 


20.0 




O 


10.0 




Q- 


0.0 









POSITION 




20 40 60 80 100 120 140 

FIG.4A 



160 



CO 
LU 
UJ 

a: 
o 

UJ 



o 
o 

—I 

UJ 

> 



X 

o 
< 

GO 
CO 
UJ 
CZ 

O 

UJ 

Q 



-0.50 - 
-1.00 - 
-1.50 ~ 
-2.00 
-2.50 - 



VELOCITY 




60 80 100 120 140/ 



160 



FIG.4B 



CN 
CO 
UJ 
UJ 

z: * 
o v 

< Q 
CC 

UJ x 



UJ 

o 



< 



< CO 
CO 
LU 

a: 
O 

UJ 

a 



ACCELERATION 




160 



TIME (MACHINE DEGREES) p|Q 



BNSCXXID: <EP 0879795A2_I_> 



13 



EP 0 879 795 A2 




60 80 100 120 140 160 180 



FIG.5A 



VELOCITY 




180 



CM 
< 

CO 
UJ 

tu 

en 
o 



< 

UJ 

—i 

UJ 

o 



X 

o 
< 

CO 
CO 
LU 

(X 
O 

UJ 

Q 



0.06 
0.04 
0.02 
0.00 
-0.02 
-0.04 
-0.06 
-0.08 
-0.10 
-0.12 
-0.14 
-0.16 



!L0 



B 



ACCELERATION R4 



180 




TIME (MACHINE DEGREES) p|Q 



DMCIW^m- ,CD 007Q7QCA9 I 



14 



EP 0 879 795 A2 



"machine parameters 



NO. OF CAVITIES 
NO. OF SECTIONS 
MAXIMUM CAVITY RATE 
WARE SPACING 
SPEED FACTOR 



13 SB 

no 

122.37 I 
115.750 I 
11.000 I 



II Q.K || llC AN CEL. 



FIG.6 



REFERENCE COORDINATES 



ENTER COORDINATES OF REFERENCE POINT 





X 


Y 





FIG.7 




X 
Y 



1.600 



12.813 



CANCEL! 



15 

6NSDOCID: <EP 0879795A2J_> 



EP 0 879 795 A2 



DATA ENTRY 



TIME VALUES 
NODE A 

NODE B 

NODE C 

NODE D 

NODE X 

NODE E 

NODE F 

NODE G 

NODE H 



4.00 



31.99 



43.99 



50.99 



60.00 



64.00 



67.00 



72.00 



79.30 



SWEEP-OUT ANGLES 
MAX VELOCITY 
MAX STROKE 



70.00 



95.00 



I CLOSE || [| UP DATE 



UNDO 



FIG.8 



DATA ENTRY 



TIME VALUES 
NODE A 



18.16 



48.00 



68.57 



73.14 



0.000 



85.53 



NODE B 

START CSM (C) 
START DECEL (D) 
DECEL FACTOR 
MAX STROKE (F) 

SWEEP-OUT ANGLES 
START CSM 

START DECEL 

MAX STROKE 



77.00 



82.00 



95.00 



r-MODE 



(§) AUTO 
O MAN. 



UNDO 



UPDATE 



[CLOSE 



FIG.9 



RETURN STROKE 



NODE R1 
NODE R2 
NODE R3 
NODE R4 
RETURN (R5) 
i- MODE 



(§) AUTO 
O MAN. 



98.40 



124.71 



146.82 



168.94 



180.00 



UPDATE 



I CLOSE | 



FIG.10 



16 



nwcnnrin- <pp 0B79795A2 I > 



EP 0 879 795 A2 



CC 



CO 

CC 



CSJ 



-8 



CO 
LU 
LU 
CC 



LU 
Q 



X 



LU 



LL. 



O 



o 
o 



s 



8 S 



© 
5 



to 



8 



(2v S33H93Q 3NIH0VW S33y03Q) N0llVy31300V 



BNSDOCJD: <EP 0879795A2_I_> 



17 



(19) 



J) 



(12) 



EuropSisches Patentamt 
European Patent Office 

Office europeen des brevets (1 1 ) EP 0 879 795 A3 

EUROPEAN PATENT APPLICATION 



(88) Date of publication A3: 


(51) Int. Cl. b : C03B 9/453, L/Oob y/41 


03.03.1999 Bulletin 1999/09 




(43) Date of publication A2: 




25.11.1998 Bulletin 1998/48 




(21) Application number: 98108617.6 




\cLc.) uaxe ot Tinny, u.ua.o^o 




(84) Designated Contracting States: 


(72) Inventors: 


AT BE CH CY DE DK ES R FR GB GR IE IT LI LU 


• Nafziger, Gregory W. 


MC NL PT SE 


Archbold, OH 43502 (US) 


Designated Extension States: 


• Henning, Jeffery P. 


AL LT LV MK RO SI 


Pittsburgh, PA 15241-2825 (US) 


(30) Priority: 19.05.1997 US 858748 


(74) Representative: 


Blumbach, Kramer & Partner GbR 


(71) Applicant: 


Patentanwarte, 


OWENS-BROCKWAY GLASS CONTAINER INC. 


Alexandrastrasse 5 


Toledo, Ohio 43666 (US) 


651 87 Wiesbaden (DE) 



CO 

< 

LO 
CD 

a> 

oo 
o 

CL 
LJJ 



(54) 



Generation of sweepout motion profile in an individual section glassware forming system 



(57) In an individual section (IS) glassware forming 
system (10) that includes a plurality of operating mech- 
anisms for performing cyclic motions, an electronic con- 
troller (52, 64) for controlling cyclic motion of at least 
one (20a) of the operating mechanisms includes an 
electronic memory (66) for storing a plurality of motion 
profiles (FIGS. 4C and 5C) for the one operating mech- 
anism, with each of the profiles comprising a set of 
motion data versus time data. Each of the profiles has a 
piecewise linear contour determined by a plurality of 
control points (A to R5), with each of the control points 
having associated motion and time data values. The 
operator may selectively display one of the profiles as a 
table of time values for the control points, with the time 
values preferably being in units of IS machine degrees. 
The operator may change the time values associated 
with one or more of the control points, and the controller 
automatically recomputes the motion data versus time 
data for the entire profile as a function of a change in 
time data by the operator at at least one of the control 
points, while maintaining the piecewise linear contour of 
the overall profile. Operation of the operating mecha- 
nism is thereafter controlled as a function of the recom- 
puted motion versus time profile data. 
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